BACKGROUND: Experimental studies show diets with greater variety in energy-dense foods increase consumption and body weight. Reducing variety in energy-dense food groups may decrease energy and dietary fat intake, promoting weight loss. OBJECTIVE: This study examined changes in food group variety during obesity treatment and the relation between changes in food group variety, dietary intake, and weight. DESIGN: Overweight men and women (n ¼ 202) were randomly assigned to one of two standard behavioral treatments with varying exercise prescriptions (exercise level of 4186 kJ/week (1000 kcal/week) or 10465 kJ/week (2500 kcal/week)), but received the same diet. Complete measures were obtained from 122 participants, of which 70 (58%) were female, with a mean body mass index of 31.3 kg/m 2 (s.d. ¼ 2.5). MEASUREMENTS: Food group variety and diet composition were assessed at 0, 6, and 18 months from food-frequency questionnaires. Food group variety was calculated as percent of foods consumed on a weekly basis within a food group, irrespective of servings consumed. RESULTS: Participants reported increased variety (Pr0.001) in low-fat breads (LFB) and vegetables, and decreased variety (Pr0.001) in high-fat foods (HFF), and fats, oils, and sweets (FOS) over the course of the 18-month study. From 0 to 6 months, decreased HFF and FOS variety was associated with reduced energy and percent dietary fat intake, and decreased HFF variety was related to weight loss. From 6 to 18 months, decreased HFF variety and increased LFB variety was associated with reduced percent dietary fat consumed and weight loss. CONCLUSION: Changing variety in specific food groups may help in adopting and sustaining a diet low in energy and fat, producing better weight loss and weight loss maintenance.
obesity is a consequence of positive energy balance, where more energy is consumed than expended, factors increasing energy consumption and/or decreasing energy expenditure can be targeted in treatment. One potential determinant contributing to overconsumption is increased dietary variety, particularly from highly palatable, energy-dense foods. 3 Dietary variety occurs when a meal or diet contains foods that differ on at least one sensory quality (eg, flavor, color, shape). Previous experimental research shows a relationship between dietary variety and energy intake in animals, with greater variety, particularly from energy-dense foods, leading to enhanced intake and increased body weight and/or fat (for a review, see Raynor and Epstein 4 ). Cross-sectional data also demonstrate that humans with greater dietary variety have increased energy intake 3, 5, 6 and body fat. 3 Research examining the effect of dietary variety on food consumption and body weight and/or fat has predominantly used highly palatable, energy-dense foods (eg, cookies, cheese, savory biscuits, sausage). Food type may also be an important variable in the relationship between dietary variety, energy intake, and body weight/fat. For example, consumption may increase with a larger variety of highenergy-dense foods (eg, snack foods), and due to the higher energy density, overall energy intake and anthropometric status may be greatly affected. In contrast, a greater variety of low-energy-dense foods (eg, vegetables) may have the opposite effect on energy intake and weight. One crosssectional analysis provides partial support for this hypothesis. McCrory et al 3 found that a diet with greater variety in highenergy-dense foods (eg, ice cream, french fries) and with limited variety in low-energy-dense foods (eg, vegetables), was associated with increased energy intake and body fat, while a diet with greater variety in vegetables and less variety in high-energy-dense foods was related to decreased energy intake and body fat. Owing to the relationship between dietary variety, energy intake, and body fatness, limiting variety, particularly in high-energy-dense foods, and increasing variety from lowenergy-dense foods may be helpful in adopting a low-energy diet, thereby assisting in weight loss. However, no studies have examined changes in dietary variety during obesity treatment. During obesity treatment, individuals generally work toward adopting a low-energy, low-fat diet. As the diet changes during treatment, changes in food group variety may also occur, and could be related to weight loss and weight loss maintenance. Consequently, the purpose of this investigation was to examine changes in food group variety, in low-and high-energy-dense food groups, in obese adults prior to and after 6 and 18 months of obesity treatment. It was hypothesized that variety in high-energy-dense food groups (eg, fats, oils, and sweets group of the Food Guide Pyramid (FGP) 7 ) would decrease, while variety in low-energydense food groups (eg, low-fat vegetable (LFV) group of the FGP) would increase during treatment. Additionally, we then hypothesized that decreased variety of high-energy-dense foods and increased variety of low-energy-dense foods would be associated with better weight loss at 6 and 18 months.
Methods

Participants and design
This investigation involved two centers: the University of Minnesota School of Public Health and Brown Medical School/Miriam Hospital. Participants were 202 obese adults, recruited by advertisement, half by each institution, to participate in a randomized controlled trial. The study was designed to evaluate the effects of a standard behavioral obesity intervention with a typical physical activity prescription (4186 kJ/week (1000 kcal/week)) (Standard) or a high physical activity prescription (10465 kJ/week (2500 kcal/ week)) (HPA) on weight loss (6 months) and weight loss maintenance (18 months). Entrance criteria included: age 25-50 years, 14-32 kg overweight based upon actuarial norms, and having no medical or psychological problems that might interfere with treatment. Depending on health risk factors, participants were required to do a submaximal exercise test, recommended by the American College of Sports Medicine. The complete evaluation of the efficacy of the activity prescriptions with regard to weight loss has been presented elsewhere. 8 Of the 202 participants who were randomized to treatment, 122 (60%) had complete data: demographic information, height measures at baseline, and weight and dietary measures at baseline, and 6-and 18-month follow-ups. The predominant source of missing data was incomplete dietary measures; with missing dietary data, it was impossible to calculate food group variety. Differences in demographic information and baseline anthropometric and dietary measures between the 122 participants with complete data and the 80 participants with missing data were analyzed using independent t-tests. There were no significant differences between the groups in any of the baseline measures except for height and weight, with participants with complete measures being significantly taller (Pr0. 
Treatment
Participants attended weekly group meetings for the first 6 months, biweekly meetings from 6 to 12 months, and monthly meetings from 12 to 18 months. In group meetings, participants were educated on the topics of diet, physical activity, stimulus control, problem solving, goal setting, social support, motivation, and relapse prevention. Participants self-monitored eating and activity behaviors daily for the first 6 months and then for 1 week per month thereafter. The dietary goals were identical for both groups: reduce energy intake to 4186 to 6279 kJ/day (1000-1500 kcal/day), depending on starting body weight, with a goal of 20% energy from fat. Groups received different physical activity goals. The Standard group's goal was 4186 kJ/week (1000 kcal/week) of physical activity, roughly equivalent to walking at a moderate intensity level for 30 min/day. The HPA group's physical activity goal was 10465 kJ/week (2500 kcal/week), which is roughly equivalent to walking at a moderate intensity level for 75 min/day.
Measures
Demographic and anthropometric measures. At baseline, participants provided basic demographic information (eg, age, education level, ethnicity, sex, and marital status). Height (cm) was recorded with a wall-mounted ruler at baseline, and weight (kg) was recorded on a calibrated scale at 0, 6, and 18 months, using standard procedures. BMI (kg/ m 2 ) was calculated from this information.
Dietary intake. Dietary intake was assessed at 0, 6, and 18 months using a self-administered, 60-item, semiquantitative food-frequency questionnaire (Block FFQ). 9 The questionnaire asks about normal intake of various foods eaten in the Food group variety HA Raynor et al past 6 months, with frequency of consumption ranging from never to number of times daily, and portion sizes being 'small,' 'medium,' or 'large.' This questionnaire has been validated in many different populations. [10] [11] [12] [13] [14] Energy and macronutrient content of the diet were calculated from the questionnaire. Dietary variety was calculated for seven main food groups: (1) low-fat bread, cereal, rice, and pasta (LFB); (2) fruits; (3) low-fat vegetables (LFV); (4) low-fat meat, poultry, fish, dry beans, eggs, and nuts (LFM); (5) high-fat foods from the five main groups of the FGP (HFF); 7 (6) fats, oils, and sweets (FOS); and (7) combination foods. A final food group, snacks, was also developed. This food group included only highly palatable, energy-dense foods, drawn from two different food groups, HFF and FOS. Since this food group contained items from other food groups, this food group was not included in the main analyses, and was examined separately. The eight food groups, the number of food items within each group, and a list of representative food type are listed in Table 1 . A complete list of the groups is given in Appendix A. Some items from the questionnaire were not included in the food groups. These items included calorie-free items (eg, water, coffee, lemon in tea) and alcohol. Alcohol items were not included due to their difference in habitual usage and the limited number of items, 3 which reduced the variability that could occur in this group. Additionally, skim milk was not included in any food group; with the removal of high-fat items from the milk, yogurt, and cheese group, only one lowfat item, skim milk, remained and variety could not be calculated. Similar to McCrory et al, 3 dietary variety in each food group was expressed as a percentage. The number of different food items consumed on at least a weekly basis in the past 6 months within each food group were counted ([# of foods within a food group eaten weekly/total # of foods within a food group] Â 100). Serving size information was not included in dietary variety calculations. Outliers for mean daily energy intake were identified as consuming greater or less than 3 s.d. beyond the mean for their group at 0, 6, and 18 months. 15 One outlier meeting this criterion was identified as consuming 420511 kJ (4900 kcal) at baseline and was excluded from the analyses due to potential over-reporting of dietary intake and variety. This left a sample size of 121 participants.
Data analysis
Independent t-tests and w
2
-tests were used to compare the Standard and HPA groups on baseline characteristics.
Change in food group variety, energy and percent dietary fat intake, and weight were explored in two ways. First, changes across time in percent variety in the eight food groups, energy and percent energy from fat intake, and weight were assessed by mixed repeated measures analyses of variance (ANOVA), with treatment group as the betweensubject factor and time of measures as the within-subject factor. Where appropriate, Greenhouse-Geisser probability levels were used to adjust for sphericity. For significant outcomes, post hoc comparisons with Bonferroni corrections, were conducted. Since there were no differences between the Standard and HPA groups with regard to changes in weight or dietary variables, a grouping variable was not included in any further analyses.
Second, hierarchical regression analyses assessed the relationship between changes in food group variety and changes in energy intake, percent dietary fat, and weight from 0 to 6 months (treatment), and from 6 to 18 months (maintenance). Residualized change scores of all variables were used in all regression analyses to control for the variance in change attributable to the initial score of the measurement period. Residualized scores were created by regressing baseline values on the baseline-6 months change values, and by regressing 6 month values on the 6-18 months change values. For example, residualized change scores from baseline to 6 months in weight were created by regression of the baseline value of weight on the change score (baseline weight subtracted from 6-month weight). 16 Demographic variables, sex and age, were entered into the first block in all hierarchical regressions. 3 To determine which food groups should be entered into the second block, linear regression analyses, controlling for sex and age, were conducted for each food group to determine the association between change in each food group's variety and change in weight from 0 to 6 and 6 to 18 months. Those food groups Food group variety HA Raynor et al that accounted for a significant increase in variance above that accounted for by age and sex were included in the hierarchical regressions. These food groups were then entered stepwise into the second block of the hierarchical regression analyses. The snacks group was not included in these regressions; this food group contained items found in other food groups. Analyses were conducted with this food group alone to investigate the relationship between changes in snack variety, energy intake, and weight. All data were analyzed with SPSS. 17 
Results
Demographics No significant differences were found between the Standard (n ¼ 60) and HPA (n ¼ 61) groups on any baseline characteristics. Of the 121 participants, 105 (87%) were Caucasian, 70 (58%) were female and 51 (42%) were male, 75 (62%) were married, and 94 (78%) were college graduates. Participants had a mean age of 41.1 (s.
5).
Changes during treatment and maintenance Changes in food group variety were found during treatment, which is depicted in There were no significant changes in percent variety in the fruit and LFM groups. Additionally, no significant effects of treatment group or interaction of group by time were found in any of the food group variety analyses.
For energy and percent dietary fat intake, there were also significant changes across time, with no effect of group (see Table 2 ). For energy intake, a main effect of time occurred, F (2, 238) ¼ 50. Table 2 ). No significant effects of treatment group or interaction of group by time were found. This outcome is different from the primary investigation, 8 most likely due to the restricted sample with complete dietary measures used in this investigation. Since change in variety of HFF was significantly associated with change in energy and percent dietary fat intake, and weight from 0 to 6 months, further analyses were conducted to determine if change in energy and dietary fat intake mediated the relationship between change in variety and weight. 18 Hierarchical regressions, with age and sex, entered in the first block, and change in variety of HFF entered in the second block indicated that a reduction in the energy intake (b ¼ 0.27, Po0.01) and percent dietary fat (b ¼ 0.21, Po0.05), were associated with weight loss. A z-test of proportions showed that the effect of a decrease in variety of HFF on weight loss was lower when entered with change in energy intake (z ¼ 2.4, Po0.05), and with change in percent dietary fat intake (z ¼ 2.5, Po0.05) than when entered alone in the regression equations, 19 indicating that the association between change in variety and weight was partially mediated by changes in energy intake (40.8%) and in percent dietary fat intake (29.8%).
After controlling for age and sex, a reduction in the snack food variety, on its own, was also significantly associated with decreases in energy intake (b ¼ 0.35, Po0.001), percent dietary fat intake (b ¼ 0.39, Po0.001), and weight loss (b ¼ 0.24, Po0.01) from 0 to 6 months. The relationship between the change in snack food variety and weight loss also appeared to be partially mediated by change in energy and percent dietary fat intake.
Relationship between changes in percent dietary variety, energy and percent dietary fat intake, and weight from 6 to 18 months (maintenance) Of all of the food groups, only change in variety of HFF and LFB accounted for a significant increase in variance in change in weight, after age and sex were controlled in the linear regressions. Of these variables, only change in variety of HFF was significantly related to energy intake from 6 to 18 months, with greater reductions in variety of HFF associated with greater reductions in energy intake (b ¼ 0.54, Po0.001). Table 4 for the three regression models for 6-18 months.
Further analyses were conducted to determine if change in energy and dietary fat intake from 6 to 18 months mediated the relationship between change in variety and weight. Hierarchical regressions with age and sex entered in the first block, showed that change in energy and percent dietary fat intake were not associated with weight change, therefore a mediational relationship could not be investigated. 18 The lack of association between change in dietary intake and weight is most likely due to the under-reporting of dietary intake; from 6 to 18 months weight significantly increased, but caloric intake did not. A decrease in the snack food variety, after controlling for age and sex, was related to decreases in energy intake (b ¼ 0.45, Po0.001) and percent dietary fat intake (b ¼ 0.26, Po0.01), but not weight loss, from 6 to 18 months.
Discussion
This investigation examined changes in food group variety during obesity treatment and the association between changes in variety and energy intake, percent dietary fat Table 3 Hierarchical regression analyses assessing relationship between change from 0 to 6 months in percent dietary variety, and energy and percent dietary fat intake, and weight
Percent dietary variety and energy intake
Step 1 Step 2 Food group variety HA Raynor et al intake, and weight loss. As hypothesized, during obesity treatment in which a low-energy, low-fat diet is prescribed, variety increased in food groups lower in energy density (eg, LFB and LFV), and decreased in high-energy-dense food groups (eg, HFF and fats, oils, and sweets). Moreover, decreases in variety of high-energy-dense food groups were associated with reductions in energy and percent dietary fat intake, and weight loss during treatment (0-6 months) and maintenance (6-18 months), and increases in variety of lowenergy-dense foods were related to decreases in percent dietary fat intake and weight loss during maintenance. As participants reduced energy and dietary fat intake, significant changes in food group variety occurred. Prior to the treatment, the greatest amount of variety was found in the fats, oils, and sweets group, located at the top of the FGP. At the end of treatment (6 months), the greatest amount of variety occurred in low-fat food groups at the bottom of the FGP (eg, bread, cereals, rice and pasta; fruits; and vegetables), while less-nutrient-dense food groups closer to the top of the FGP had less variety (HFF from the main food groups of the FGP; fats, oils, and sweets). Therefore, at the end of an obesity intervention, participants consumed more variety in nutrient-dense, lower-energy-dense food groups, a pattern of eating consistent with dietary recommendations. 20 In this study, weight loss from 0 to 6 months was associated with decreased variety of HFF and fats, oils, and sweets. The relationship between change in variety in these food groups and weight loss appeared to be mediated by change in energy and percent dietary fat intake. Intuitively, it might seem that reductions in energy intake and dietary variety should occur together. However, decreased intake can be a consequence of other dietary changes, such as decreased number of servings consumed from different food groups, without a change in variety. Moreover, it is important to note that as dietary changes occurred during treatment, we found that variety did not decrease in all food groups, again indicating that reductions in intake do not automatically cause decreased food group variety.
Maintaining dietary changes achieved during obesity treatment is often difficult. 21 Our results indicate that maintaining reductions in variety may be more difficult than maintaining increases in variety. Whereas increases in variety of LFB and LFV were maintained through the length of the investigation, all food groups with reductions in variety during treatment (HFF; fats, oils, and sweets; and combination foods) showed increases in variety by the 18-month follow-up, with variety in HFF and fats, oils, and sweets remaining below baseline levels. This finding confirms another study that suggests that it may be easier to sustain increases in types of foods eaten rather than reduce or limit types of foods eaten. 22 Interestingly, increased variety of LFB was one of the significant predictors of longterm reductions in dietary fat and weight loss. Previously, there has been very little research examining food group variety. McCrory et al 3 reported high levels of variety, ranging from 45 to 75%, occurring in most food groups, with the greatest variety occurring in the sweets, snacks, and carbohydrates and vegetables groups. 3 Our findings show less food group variety, ranging from 31 to 52% prior to treatment and 20 to 57% at the end of treatment, with the greatest amount of variety occurring in fats, oils, and sweets group prior to treatment and in the LFB group after treatment. The variations in variety are most likely due to four differences between the studies: (1) samples used (weight-stable participants vs obese participants seeking treatment); (2) calculations of variety (foods consumed at least once in the past 6 months vs foods eaten at least once a week in the past 6 months; (3) definitions of food groups; and (4) different versions of the Block FFQ used. In humans, cross-sectional studies have found that greater dietary variety is associated with increased energy intake, 3, 5, 6 and a diet with greater variety in high-energy-dense foods (eg, ice cream, french fries) and with limited variety in lowenergy-dense foods (eg, vegetables), is related to increased energy intake and body fat. 3 Owing to the longitudinal nature of the current investigation, this study builds upon findings of these previous cross-sectional studies. This study indicates that during obesity treatment in which a lowenergy, low-fat diet is prescribed, changes in food group variety occur, with some of these changes predictive of decreased energy and percent dietary fat intake, and weight loss. These outcomes add to the growing body of research Food group variety HA Raynor et al indicating that dietary variety is an important factor in weight status. Since changes in food group variety predicted changes in dietary intake and weight, it may be helpful if weight loss programs specifically targeted changes in variety. Behaviorally, reducing variety from HFF and the top of the FGP and increasing variety in lower-fat foods from the bottom of the FGP may assist in adopting and preserving a reduced energy and percent fat diet. While it may be difficult to limit variety in two large food groups, the finding that a reduction in snack food variety has similar associations with changes in diet and weight as the two larger food groups suggests that limiting snack food variety may be a more feasible behavioral strategy for reducing caloric intake and weight loss.
It has been previously hypothesized that differences in intake associated with differences in variety are due to sensory-specific satiety, 23 a reduction in hedonics of a food(s) being consistently consumed. 24 Differences in food group variety during weight loss treatment may also influence intake through stimulus control; with fewer different choices to consume at home, intake may decrease. We have previously shown that individuals with a greater number of different HFF items in the home consume a diet higher in percent dietary fat. 25 One limitation of this investigation is the use of a foodfrequency questionnaire to determine dietary variety. Foodfrequency questionnaires often group foods of similar, but not identical, nutrient composition together (eg, 'white bread (including sandwiches), bagels, etc, crackers'). Only one item is counted, even if more than one of these grouped foods is consumed. Therefore, most likely the amount of variety occurring within this population is greater than what is reported. Additionally, while most of the food groupings used on the Block FFQ are very similar in nutrient composition, a few of the grouped items are different in terms of fat composition (eg, other potatoes, including boiled, baked, mashed, and potato salad). Dietary assessment methods providing more detail, such as 24-h dietary recalls or food records, would allow more accurate determinations of dietary variety.
Moreover, while the time course of the data in this investigation provides stronger evidence than cross-sectional data about the nature of the relationship between dietary variety, energy intake, and weight, a causal relationship between the variables cannot be determined. To test the causal relationship between these variables, studies directly manipulating amounts of dietary variety in different food groups and its impact on caloric intake and weight loss are needed.
In conclusion, the results of this investigation suggest that participants in weight loss programs that use a low-energy, low-fat diet make significant changes in food group variety, with decreases in variety in high-energy-dense food groups (eg, HFF and foods from the top of the FGP) and increases in variety in low-energy-dense food groups (eg, low-fat breads). Reductions in variety of HFF and foods from the top of the FGP, and increases in variety in LFB, may help with reducing energy and percent fat intake, thereby assisting with weight loss and weight loss maintenance. Thus, focusing on reducing and increasing dietary variety in specific food groups may be a behavioral tool that helps individuals reduce and/or maintain reductions in energy intake over long periods of time.
